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Purpose: The incidence of acute poststreptococcal glomerulonephritis (APSGN)
in Korea has changed. This study aimed to evaluate the epidemiological and clinical
changes of APSGN observed in a single Korean institution over two decades.
Methods: We retrospectively analyzed the data of 99 children (0-15 years of age)
who were admitted to our institution with APSGN between 1987 and 2013. The
patients were selected based on the depression of serum complement 3 (C3, <70
mg/dL) and elevated titer of antistreptolysin O (ASO, >250 IU/dL) as evidence of
previous streptococcal infection.

Results: In the 99 patients, the mean age was 8.3 + 2.7 years, and the male-to-
female ratio was 2.2:1 (66:30). The annual number of cases fluctuated markedly,
and most cases were observed during the late autumn and winter months.
However, there have been few cases reported in the past 5 years. Clinical
manifestations at presentation, including hypertension and generalized oedema,
and the duration of hospitalization were higher and longer in patients admitted
during the first half of the study period than during the most recent half-period,
suggesting a more severe clinical course in the former group.

Conclusions: APSGN has become a rare disease in Korea with a trend towards a less
severe clinical course. This finding suggests that the prevalence of infection-related
immune-mediated diseases could change over-time, together with environmental
and possibly pathogen-host relationship changes.
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Introduction

Acute poststreptococcal glomerulonephritis (APSGN) is a representative
immune-mediated disease that occurs after a known bacterial infection,
such as Group A B-hemolytic streptococci (GAS). The changing epidemiolo-
gy of GAS infection has been well documented"?, and evidence suggests
that APSGN, one of the nonsuppurative complications of GAS infection, is
becoming a rare disease in developed countries””. However, sporadic cases
have occurred in developed countries”, and the global burden of post-strep-
tococcal disease may remain high in developing countries”.

South Korea is one of the rapidly grown developed countries after the Second
World War. As observed in other developed countries, the epidemiology of
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infectious diseases and infection-related immune-mediat-
ed diseases, including APSGN, has changed along with
economic growth in Korea. In this study, we found that re-
cent clinical manifestations of APSGN were less severe
than in the past, although there have been few prospective
studies concerning this topic. These findings suggest that,
in addition to environmental factors such as an improved
socioeconomic state and the introduction of antibiotics,
other factors may be associated with the changing epide-
miology of GAS and other pathogen infections"”. In addi-
tion, although it is understood that the substances produced
after GAS infection elicit inflammation in renal tissues, the
changing epidemiology of APSGN remains elusive as well
as the pathogenesis™”.

In the present study, we evaluated the epidemiological
data of APSGN in our department over two decades and
we briefly reviewed reasons for the changing epidemiology
of APSGN based on the clinical characteristics of the disease.

Materials and methods

The study was conducted in a secondary general hospi-
tal for the primary care of APSGN patients in Daejeon,
Korea. Daejeon is one of the largest cities in South Korea
located in the central part of the country. During the study
period, the population of the city increased from approxi-
mately a million in 1987 to 1.5 million in 2013. Most of the
APSGN patients may have been admitted to 4 general hos-
pitals before 1999 and since 2000 to 5 general hospitals in-
cluding ours. Although the increased population, dis-
persion of patients to other hospitals and decreasing birth
rate in Korea may affect the subjects of this study, there were
no remarkable changes in the policy of hospitalization and
treatment in our department during the study period.

We retrospectively analyzed the data of 99 children (0-15
years of age) with APSGN who were admitted to The Catho-
lic University of Korea, Daejeon St. Mary’s Hospital between
January 1987 and December 2013. For this study, we re-
viewed the medical records of APSGN patients admitted
between 1996 and 2013, and used preliminary study data
previously prepared for patients admitted between 1987
and 1995. All patients diagnosed with APSGN satisfied

the following criteria: acute onset glomerulonephritis with
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hematuria (with or without proteinuria), reversible depre-
ssion of serum complement 3 (C3, <70 mg/dL), and elevat-
ed titer of antistreptolysin O (ASO, >250 IU/dL) as evidence
of previous streptococcal infection. Patients not meeting
both laboratory criteria were excluded from this series.
There were no patients that did not recover from a depressed
C3 in follow-up examination. The methods for ASO testing
were changed during the study period from semi-quanti-
tative to quantitative, and values of 166-333 Todd unit/mL
before 1995, and >250 IU/mL after 1996 were used for patient
selection, and median value of semi-quantitative values
was used for statistical analysis. Hypertension was defined
as a systolic blood pressure of > 95 percentile of age- and
sex-matched healthy Korean children. Microscopic hema-
turia was defined as >5 red blood cells per high-power
field. Demographic data and clinical features such as hyper-
tension, generalized oedema, gross hematuria, hospitaliza-
tion day, and laboratory findings including ASO, C3, he-
moglobin, blood urea nitrogen (BUN), and creatinine at
admission were assessed. To investigate clinical changes
during the study period, we analyzed the data between pa-
tients admitted during the early period (1987-1999, n = 69)
and patients admitted during the most recent period
(2000-2013, n = 30).

Written consent for clinical records to be used in future
studies was obtained from the parents or guardians of all
patients at admission. The study was approved by the In-
stitutional Review Board of the Catholic University of Ko-
rea, Daejeon St Mary’s Hospital (DC14RISI9927).

Statistical Analysis

All calculations were performed with SPSS ver. 14.0 (SPSS
Inc., Chicago, IL, USA). Comparisons between groups were
performed using the Student’s t-test for continuous variables,
and the X2 test method for categorical variables. A P value

of <0.05 was considered statistically significant.

Results

1. Demographic findings of the patients
In 99 patients, the mean age was 8.3 + 2.7 years (ranged
from 3 to 15 years), and the male-to-female ratio was and

2.3:1 (69:30). The peak age range of presentation was 9
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Fig. 1. Age distribution of total patients with acute poststre-
ptococcal glomerulonephritis (n = 99)
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Fig. 3. Monthly cases of total patients with acute poststrepto-
coccal glomerulonephritis

years (17/99, 17%), and most children were 5-11 years old
(79/99, 80%), also called school-aged children. There were
no patients < 2 years old (Fig. 1).

2. Annual and monthly cases from patients admitted
during 1987-2013
The annual number of cases during the study period is
shown in Fig. 2. The frequency of cases fluctuated markedly
over the years, with clustering of patients (>5 patients/year)
last noted in 2003 (9 patients). Since 2008, only one case of
APSGN has been noted. In terms of seasonal frequency,
the highest number of patients was seen in November (19/99,
19.2%), and more than half the patients were diagnosed be-
tween November and February (55/99, 55.6%). Overall, the
majority of cases were observed during winter (Dec. to
Feb., 36/99, 36.4%), followed by autumn (Sept. to Nov.,
30/99, 30.3%), spring (Mar. to May, 21/99, 21.2%), and sum-
mer (12/99, 12.1%) (Fig. 3).
When we compared the seasonality of the both groups,
however, there were some differences: in the 1987-1999 group,
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Fig. 2. Annual cases of acute poststreptococcal glomerulone-
phritis patients from 1987 to 2013

autumn (25 cases), winter (23 cases), spring (12 cases), and
summer (9 cases) were noted, whereas in the 2000-2013
group, winter (13 cases), spring (9 cases), autumn (5 cases),

and summer (3 cases) were noted.

3.Clinical comparison between the 1987-1999 group

and the 2000-2013 group

The clinical signs of all the patients at presentation were
noted as follows: hypertension (25.3%, 25/99), generalized
oedema (57.6%), and gross hematuria (66.7%). In this series,
no patients had previous skin infections or renal sequelae
after APSGN, such as chronic renal disease. All patients
had microscopic hematuria (100%) and 25 patients (25.3%)
had increased BUN levels of >20 mg/dL at presentation.
On comparison of the data from patients admitted during
1987-1999 with those admitted during 2000-2013, the age
of patients was older (P = 0.002), the rates of hypertension
(P=0.005) or generalized oedema (P < 0.001) at presenta-
tion and the duration of hospitalization (P < 0.001) were
significantly higher or longer (Table 1). The age distribut-
ion showed some differences between the groups and there
was a trend that the patients of <5 years of age were signifi-
cant prevalent (P = 0.005) and the patients of 10-15 years of
age were less prevalent in the 2000-2013 group compare to
the 1987-1999 group (Table 2).

Some detailed clinical data, including disease-onset after
initial GAS infection and clinical complications such as
nephritic syndrome with acute kidney injury and/or nephro-
tic syndrome during hospitalization, could not be evaluat-
ed because of unavailability of medical records before
1995. However, there were few patients that received renal
replacement therapy due to complications of the disease.



www.chikd.org

Kuem SW, et al. - Changes in APSGN in Korea 115

Table 1. Clinical and laboratory findings of the patients admitted during 1987-1999 and 2000-2013

Age groups 1987_—1 999 2000_—201 3 p
(n=69) (n=30)

Clinical characteristics

Age (y) 89+27 70+28 0.002

Male:female 46:23 237 032

Hypertension (n,%) 23(333) 2(6.7) 0.005

Generalized oedema 49 (71) 8(26.7) <0.001

Gross hematuria (n,%) 43(62.3) 23 (76.7) 0.164

Hospitalization (d) 149473 85+3.1 <0.001

Laboratory findings

Hemoglobin (g/dL) 11.3£1.1 10.9+09 0.193

Leukocyte (x103//pL) 10.5+4.7 87428 0.063

ASO (IU/D) 4934284 1001+829 0.003

3 (mg/dL) 243+185 326+19.1 0.052

BUN (mg/dL) 1994127 17.6+11 0.269

BUN >20 mg/dL (n,%) 20(29) 5(16.7) 0.195

Creatinine (mg/dL) 0.88+0.8 0.64+0.17 0.107

Total protein (g/dL) 6.6+0.6 64+0.7 0.209

Albumin (g/dL) 37405 3.740.5 0.995

ASO, antistreptolysin O; BUN, blood urea nitrogen

Data were obtained at presentation of the patients.

Table 2. Age distribution of the patients admitted during 1987-1999 and 2000-2013

Age groups 1987_—1 999 2000_—201 3 p
(n=69) (n=30)

< 5years of age (n,%) 7(10.7) 10(33.3) 0.005

6-9 years of age 43 (62.3) 16 (53.3) 0402

10-15 years of age 19(27.5) 4(13.3) 0.124

Laboratory findings were similar in both groups except for
a significantly higher ASO titer and a trend of higher C3
value in the 2000 - 2013 group (Table 1).

Discussion

Earlier studies in Korea showed that APSGN might be
an endemic disease which occurred every year, mainly

9,10

during the fall-winter season in the 1960-70s*'". Along
with economic growth in Korea, the incidence of APSGN
reduced, and it changed from being an endemic disease to
occurring as sporadic outbreaks during the 1980s to early
2000s'""?. The studies performed during the mid-1990s-
to mid-2000s, including ours, at a single institution in differ-
ent cities showed an intermittent clustering of cases, but

outbreak-years were different across the study groups™'”.

This finding is unlike nationwide epidemics of viral infec-
tion such as influenza and enterovirus infection, and it
suggests that outbreaks of bacterial infections depend on
the situation of a local community. In addition, we found
few cases after 2008, suggesting that APSGN may soon
become a “forgotten disease” in Korea, like acute rheu-
matic fever. There have been few clinical study reports of
acute rheumatic fever in the paediatric field since 1999 in
the Korean literature'”. Similar findings had already been
observed in many developed countries including European
countries and the United States before the 1980-90s, but
this phenomenon may be observed globally in various
countries that have different economic state and health-
care environments*”'*'?, Although the changing epide-
miology of GAS infection may be associated with environ-
mental changes, such as improved public hygiene and the

wide-use of antibiotics"?, this study demonstrates that it
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can also occur during a period of steady environmental
state in a nation, since there have been no notable changes
in the medical or social environment during the past dec-
ade in Korea.

Most of APSGN patients recover uneventfully, but some
severely affected patients have complications such as acute
kidney injury or nephrotic syndrome. Although there
were few severely affected patients in this series, we found
that the clinical course of the disease seemed to be milder
in the 2000-2013 cases compared to the 1987-1999 cases,
as assessed by the duration of hospitalization and the pres-
ence of hypertension and generalized oedema at presenta-
tion. Also, we found that the age distribution was somewhat
different between the groups and there was a trend showing
more patients of <5 years of age and less patients of 10-15
years of age in the 2000-2013 group. We previously reported
that younger children (< 6 years of age) might have a milder
clinical course than older children (> 8 years of age),
assessed by weight change during hospitalization'”. Other
studies have also indicated this trend in GAS infection"”
and APSGN'”. The progressive decline in the incidence
and severity of clinical findings of APSGN suggests that
the pathogen-host relationship may change over time. Usual-
ly, some patients become carriers after GAS infection, and
there are many GAS carriers among healthy children in

17-19 .
). In the mucosal immune system,

various populations
the host-normal flora relationship is believed to be recip-
rocally beneficial, and normal flora rarely cause a disease

20 . . o s
). A similar association

when they invade into the host
may apply to the carrier-pathogen relationship after an in-
fection. Recently, a study group showed that GAS strains
in carriers contained a frameshift mutation which is
involved in capsular production, and suggested that bacterial
pathogens may downregulate or ablate the genes of virulence
factors for the carriage strains in the host™”. Thus, from an
evolutional perspective, it is possible that bacterial patho-
gens having tried to become normal flora within the
human host, and GAS subtypes and human herd immu-
nity may evolve to adapt to each other, just as other patho-
gens and the host do.

Patients admitted during 1987-1999 showed initial lower
ASO values and lower C3. The ASO titer may have been
influenced by the testing method as previously mentioned.
The pathogenesis of APSGN, including low C3 level in the
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acute stage, remain to be further elucidated®*. Although
elevated IgG and depressed C3 are noted in APSGN patients,
serum IgG and C3 levels were not related to the clinical se-

23,24)

verity of the disease in the acute stage™"", and many pa-

tients have no IgG deposits except C3 in renal lesions™*”.
We previously found that the levels of IgG and ASO titer
did not change, but C3 and IgM levels increased in the
early convalescent stage of APSGN'. Although APSGN is
an acute-onset disease, few patients have fever and neutro-
phils are predominantly observed in the early glomerular
lesions. These findings suggest that the innate immune
system such as complement system and neutrophils of the
host plays an important role for recovery during early
stages of the disease.

There are some limitations in this retrospective study.
APSGN patients in this series might be underestimated,
because of our patient selection policy of C3 and ASO.
Since this study was performed in a single hospital, our
data might not be representative for the true epidemiologi-
cal pattern of APSGN in Korea.

Conclusion

Our study suggests that APSGN has become a rare disease
with a trend towards a weakened clinical course in Korea.
This finding suggests that the prevalence of infection-re-
lated immune-mediated diseases can change over-time,
along with both the changes of socioeconomic environ-

ment and changes in the pathogen-host relationship.
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